Abstract -The effect of pasteurization of cheese milk and cooking temperature of the curd on proteolysis of Malatya cheese was examined during ripening. The cheeses that were characterized by the scalding of curd in hot whey were manufactured from raw or pasteurized milk and the curds were scalded in hot whey at 60, 70, 80 or 90°C. Differences in the levels of pH 4.6-soluble nitrogen between cheeses were significant (P < 0.05) after 30 days of ripening. Urea-polyacrylamide gel electrophoresis of the pH 4.6-insoluble fractions showed that both α s1 -and β-caseins were not extensively degraded, especially after 30 days of ripening, but β-casein was less degraded than α s1 -casein. Analysis of peptide profiles of the pH 4.6-soluble fractions by RP-HPLC showed significant differences in the concentrations of some peptides between the cheeses. Principal component analysis distinguished the cheeses made from raw or pasteurized milk based on their peptide profiles. The results suggest that the pasteurization of cheese milk had a greater effect on peptide profiles of cheese than scalding temperature of the curd.
INTRODUCTION
Cheese ripening is a complex and dynamic biochemical process that includes protein breakdown, fat hydrolysis, and lactose, lactate and citrate metabolism. Proteolysis is catalyzed by proteolytic enzymes from the coagulant, milk and bacteria including starter, nonstarter or secondary starter organisms [8, 21] . The coagulant is mainly responsible for hydrolyzing the caseins to large and intermediate-sized peptides [16, 18] .
Cheese made from raw milk generally ripens faster and develops a stronger, more intense flavor than the cheese made from pasteurized milk [19] . Lau et al. [17] reported that a cheese made from pasteurized milk took twice as long to develop the same flavor intensity as one made from raw milk. Lower levels of soluble nitrogen and free amino acids were found in cheese made from pasteurized milk [7, 20] . The native and starter microorganisms and indigenous milk enzymes play a major role in the formation of small peptides and free amino acids, and are main contributors to the formation of the characteristic aroma components in cheese [29] . Heat treatment of milk prior to cheesemaking affects the microbial flora, proteolysis, free amino acids, free fatty acids, volatile fractions and sensory characteristics of the cheese [8] . Pasteurization can ensure the hygienic and standard quality of cheese, promote safety and achieve better production control [4] .
Malatya cheese is traditionally made from raw sheep's or cows' milk, or mixtures thereof, and no starter is added, and thus acidification is brought about by the natural microflora of the milk. The traditional cheesemaking procedure is still used in farms and villages. However, recently, some cheesemakers have used pasteurized milk and an added starter culture to standardize production. Scalding at 80-90°C is the usual practice in Malatya cheesemaking, which gives the curd an elastic and compact texture after pressing. The scalding procedure is a crucial step in Malatya cheesemaking, and the process substantially affects the physical, biochemical and sensory properties of the cheese [10] . The heating process in Malatya cheese is different from that in pasta-filatatype cheeses. The stretching temperature in the manufacture of pasta-filata-type cheeses is not higher than 75°C for a short time during plasticization. In addition, cooking is applied to cheese curd before the cheese has been formed, and the curd cannot be stretched in hot water (containing salt ca. 5-7%) unless the pH reaches 5.1-5.3. Therefore, acidification and stretching in salted hot water are essential steps for the manufacture of pasta-filata-type cheeses. However, these are not necessary in the manufacture of Malatya cheese. On the other hand, the cooking operation in Malatya cheese is slightly different from Halloumi cheese. In the traditional or home manufacture of Malatya cheese, the heating temperature ranges over a wide interval (60°C to the boiling temperature of whey) and the duration (it varies among artisanal producers) varies widely. However, cooking at temperatures from 80-90°C for 3-5 min is usual in industrial production, but it varies between factories. There are some differences between traditional and industrial cheeses in terms of scalding temperatures and, to the authors' knowledge, no information is available on the effect of scalding temperatures on proteolysis and any other ripening indices of the cheese. We aimed to investigate the effect of pasteurization of cheese milk and cooking temperature of the curd on the proteolysis of Malatya cheese during ripening.
MATERIALS AND METHODS

Cheese making
Malatya cheese was made in duplicate, using both raw and pasteurized cows' milk in a local dairy plant (Karlidag Dairy Products, Malatya, Turkey). Raw milk cheeses (R cheeses) were made from 100 L of cow's milk. An equal quantity of milk was pasteurized (72°C for 30 s) and used for the manufacture of pasteurized milk cheeses (P cheeses). After pasteurization, the milk was cooled to 32°C, and the commercial culture consisting of Lactococcus lactis ssp. lactis and Streptococcus thermophilus (Sacco, S.R.L., Cadorago, Italy) was added to P cheeses at the manufacturer's recommended dose and held for 30-45 min. Milk for both R and P cheeses was coagulated using commercial calf rennet (> 85% chymosin, REN-NA ® , Mayasan, Istanbul, Turkey) at a level of 15 g·100 L −1
. The milk was allowed to coagulate at 32°C for 45 min. Following coagulation, the curd was cut and stirred for about 30 min, transferred into cloth bags and then left for 30 min to facilitate whey drainage without pressing. The bags, that contained~250 g of curd were tied up and molded into a ball, and then they were pressed between two wooden blocks for 2 h. The curds were scalded at 60, 70, 80 or 90°C for 3 min by dipping them into their own wheys. Afterwards, the curd blocks were re-pressed between the same wooden blocks for 3 min and then immediately cooled to room temperature using potable water. Finally, the cooled blocks were immersed in brine (10% NaCl) for about 16 h. The salted cheese blocks were kept in the same brine (10% NaCl) and ripened for 90 days at 6-8°C.
Chemical composition
Cheeses were analyzed, in duplicate, for moisture content by the oven-drying method at 102°C [11] , for salt content by titration with AgNO 3 [6] , for fat content by the Van Gulik method [3] and for total nitrogen (TN) content by the Kjeldahl method [12] . For pH measurement, grated cheese (10 g) was macerated with 10 mL of distilled water, and the pH of the resultant slurry was measured using a digital pH meter (pH 211, Hanna Instruments, Vila do Conde, Portugal). Titratable acidity was determined as g lactic acid/100 g cheese using the method of AOAC [2] .
Proteolysis
The pH 4.6-soluble (pH 4.6-SN) fraction as percentage of TN of the cheese was prepared according to the method of Kuchroo and Fox [15] , and determined by the Kjeldahl method [12] . Urea-PAGE (4% C (cross-linking agent as a percentage of total monomers), 12.5% T (total monomer), pH 8.9) of the pH 4.6-insoluble fraction of the cheeses was performed using a Protean II XI vertical slab-gel unit (Bio-Rad Laboratories Ltd., Watford, UK) according to the method of Andrews [1] , as modified by Shalabi and Fox [27] . Freezedried samples (10 mg) of the pH 4.6-insoluble fraction from each sample were dissolved in 1 mL of electrophoresis sample buffer and vortexed, and/or sonicated, if necessary, for 1 min and stored at -20°C until analyzed. Prior to electrophoresis, frozen samples were heated at 50°C for a few minutes and then cooled to room temperature. An aliquot (7 µL) of each sample was loaded onto the gel. Electrophoresis was performed through the stacking and separating gels at 280 and 300 V, respectively. The gels were stained directly by the method of Blakesley and Boezi [5] with Coomassie Brilliant Blue G-250 and destained using distilled water. After destaining, gel slabs were digitized by a scanner (HP ScanJet software, ScanJet 6300C, Hewlett Packard, USA).
Peptide profiles of the pH 4.6-soluble fraction of samples of Malatya cheese were determined by RP-HPLC using a Varian HPLC system (Varian Associates Inc., Walnut Creek, CA, USA) as described by Hayaloglu et al. [9] . The system was comprised of an autosampler (Model 410), a ProStar solvent delivery system with three pumps (Model 230), and a ProStar programmable multiwavelength spectrophotometer (Model 310) interfaced with a PC, in which a Varian Star Workstation 5 software package was installed for system control and data acquisition. Nucleosil RP-8 (250 × 4 mm, 5 µm particle size, 300 Å pore size) analytical and guard columns (4.6 × 10 mm) (Capital HPLC Ltd., Broxburn, West Lothian, UK) were used. ) and filtered through a 0.45 µm cellulose acetate filter (Sartorius GmbH, Göttingen, Germany); an aliquot (40 µL) of filtrate was injected onto the column. The samples were eluted initially with 100% A for 5 min, then with a gradient from 0% to 50% B (v/v) over 55 min, maintained at 50% B (v/v) for 6 min, followed by a linear gradient from 50% to 60% B (v/v) over 4 min, and finally with 60% B (v/v) for 3 min. The column was washed with 95% B (v/v) for 5 min, followed by equilibration with 100% A for 5 min before the next injection. Elution was monitored at 214 nm.
Multivariate analysis
Data from the RP-HPLC chromatograms of the pH 4.6-soluble fractions of the cheeses were analyzed using multivariate statistical techniques to simplify interpretation of the data from RP-HPLC. Principal component analysis (PCA) was performed using a covariance matrix and varimax rotation between the cheeses. The peak heights for all RP-HPLC data were used as variables and PCA was carried out using The Unscrambler v9.6 free-trial version (CAMO, Software AS, Oslo, Norway).
RESULTS AND DISCUSSION
Chemical composition and pH
The chemical composition of Malatya cheese at 1 day of ripening is shown in Table I . No significant differences (P > 0.05) were found between cheeses in terms of total solids, salt and fat-in-dry matter. However, a higher level of titratable acidity and lower pH values were found in the cheeses made from pasteurized milk with an added starter culture than in raw milk cheeses (P < 0.05). The addition of starter culture to the pasteurized milk resulted in a significantly lower pH in pasteurized milk cheeses (P) in comparison to raw milk cheeses (R) early in ripening. The lower pH of the P cheeses than that of the R cheeses early in ripening suggested that the starter bacteria were resisted to the scalding temperature. Differences between 102 A.A. Hayaloglu et al.
the pH values of P and R cheeses decreased as ripening period proceeded (Fig. 1) . The gross composition of the cheese samples at the beginning of the ripening period is in the normal range for a brine-ripened cheese. These results are in agreement with those of Ozer et al. [24] for Urfa cheese and Kahyaoglu and Kaya [13] for Gaziantep cheese that is scalded and ripened in brine-like Malatya cheese.
pH 4.6-soluble nitrogen
Levels of pH 4.6-soluble nitrogen (SN), expressed as percentage of TN, in Malatya cheese, are shown in Figure 2 . Use of raw milk in the manufacture of Malatya cheese led to increased levels of pH 4.6-SN. The levels of pH 4.6-SN were similar in all cheeses at 1 day of ripening; however, the values for pH 4.6-SN were higher in raw milk cheeses than pasteurized milk cheeses as the ripening proceeded. Differences in the levels of pH 4.6-SN between raw and pasteurized milk cheeses were significant (P < 0.05) after 30 days of ripening and these differences became greater as the ripening advanced. This may be attributed to the proteolytic activity of non-starter lactic acid bacteria that dominate toward the end of ripening [18, 23] . The expected influence of starter used in the manufacture of P cheeses on the pH 4.6-SN was observed in the inhibitory effect of scalding. However, scalding of curds at different temperatures had no significant effect on the level of pH 4.6-SN in the cheeses during ripening (P > 0.05). The pH 4.6-SN was used as a ripening index in cheese and its levels increased during ripening due to the breakdown of casein into peptides of varying molecular weights and free amino acids by the action of the chymosin, plasmin and enzymes of starter or non-starter bacteria [25] . The lower pH of cheese favors retention of the rennet in the curd and its proteolytic activity was probably higher than that of plasmin. However, scalding temperatures were greater than 60°C. Proteolytic activity of chymosin or enzymes from microorganisms was reduced under these conditions. Similar results were obtained by the gel electrophoretic analysis of the pH 4.6-insoluble fractions of the cheeses (Fig. 3) . Therefore, heat treatment of milk in the manufacture of cheese had a greater effect on the levels of pH 4.6-SN than the scalding of curd, in particular, at later stages of maturation. 
Urea-PAGE
Urea-PAGE electrophoretograms of the pH 4.6-insoluble fractions of cheeses at 1, 30, 60 or 90 days of ripening are shown in Figure 3 . Early in ripening, no differences were seen between electrophoretogram of the cheeses made using raw or pasteurized milk. Increased degradation of α s1 -or β-casein was observed after 30 days ripening. However, considerable differences were observed between raw milk and pasteurized milk cheeses. β-Casein underwent slight proteolysis during 90 days ripening in all samples, and the intensities of the β-casein bands were slightly different from those of the young cheeses. Most of the β-casein remained intact at the end of the ripening period, indicating that β-casein was resistant to proteolysis [8] . The intensity of the γ-casein band slightly increased during ripening. Extensive plasmin activity is not expected in this type of cheese due to its acidity and salt content, both of which are unfavorable for plasmin action [14, 22] . Extensive hydrolysis of α s1 -casein was observed in the samples at all ripening times. Degradation was more extensive in raw milk cheeses in comparison with the pasteurized milk cheeses, reflecting higher proteolytic activities of raw milk flora against some fragments of α s1 -casein. Differences in α s1 -casein degradation between the two groups of cheese were apparent after 60 or 90 days ripening. Increasing of scalding temperature had no significant effect on both α s1 -and β-casein degradation, probably due to the high scalding temperatures used (all > 60°C). Primary proteolysis of casein is mainly achieved by the activity of residual chymosin (on α s1 -casein). The residual chymosin in the cheese matrix may be largely inactivated even by the lowest scalding temperature used and primary proteolysis in the cheese samples was of the same extent for each sampling time. Sheehan et al. [28] observed that cooking temperatures (47, 50 or 53°C) had a significant inhibitory effect on α s1 -casein degradation or accumulation of mean levels of α s1 -casein (f24-199) during ripening. Differences between Sheehan et al. [28] and the results of this study may be due to the much lower cooking temperature used by those authors compared with that used in this study.
RP-HPLC
Reverse-phase HPLC peptide profiles of the pH 4.6-soluble extracts were performed on the cheeses during ripening and chromatograms of the 60 days old cheeses are shown in Figure 4 . No major differences were seen between the peptide profiles of the cheeses scalded at different temperatures; however, both qualitative and quantitative differences were observed between the chromatograms of the cheeses that were made from raw or pasteurized milk. These results of peptide profiles between raw or pasteurized milk cheeses are in agreement with those of Shakeel-Ur-Rehman et al. [26] . In the present study, R cheeses showed higher levels of peptides eluting with early retention times (11 and 16 min) than P cheeses. These peaks were probably due to amino acids or low-molecular weight peptides that were produced by the action of enzymes released by the microflora in raw milk [22] . Raw milk cheeses contained considerably higher concentrations of peptides eluting in hydrophilic or hydrophobic regions than pasteurized milk cheeses. This reflects the extracellular peptidolytic activity of non-starter lactic acid bacteria that contribute to secondary proteolysis of cheese. Differences between the chromatographic profiles obtained from cheese extracts were studied by PCA and the score plot obtained from analysis of peak height data of the RP-HPLC chromatogram is shown in Figure 5 . PCA of the peptide profiles of 1, 30, 60 or 90 days old cheeses showed that PC1 and PC2 accounted for 50% and 17% of the variation, respectively (Fig. 5) . A clear separation was observed between the raw and pasteurized milk cheeses by PCA as indicated on the score plot. The samples were distributed into two main groups: raw milk cheeses located on the right side on PC1 and pasteurized milk cheeses located on the left side of PC1. The cheeses made with raw milk contained higher levels of peptides than did the cheeses made from pasteurized milk. PC1 separated the cheeses on the basis of use of raw or pasteurized milk in cheese manufacture; however, no regular distribution was observed by PC2 based on scalding temperature of the curd. The plots showed that the pasteurization of milk had a greater effect on the peptide profiles of the cheese than scalding temperature of the curd.
CONCLUSIONS
Indices of proteolysis related to levels of pH 4.6-soluble or insoluble nitrogenous components were determined. Analysis of pH 4.6-soluble fractions of the cheeses indicated that using raw milk in the manufacture of Malatya cheese increased the level of pH 4.6-soluble N. Degradation of α s1 -casein observed by urea-PAGE was more extensive in raw milk cheeses in comparison to pasteurized milk cheeses. Pasteurization of milk prior to cheese manufacture had a significant effect on the breakdown of caseins and formation of peptides detectable by RP-HPLC. Throughout the ripening period, it can be concluded that the pasteurization of the milk had a decrease and/or delay effect on the ripening of the cheese. Scalding the curd in hot whey at different temperatures had a slight effect on the proteolysis in Malatya cheese and pasteurization of cheese milk had a greater effect on cheese proteolysis than the scalding temperature of the curd.
